Introduction
Crohn's disease (CD) and ulcerative colitis (UC) are chronic gastrointestinal inflammatory diseases whose clinical course is characterized by periods of remission alternating with relapsing episodes. Inflammatory bowel diseases (IBD) have a huge impact on the social and economic status because they primarily affect young people from urban and industrialized areas. IBD prevalence and incidence have risen during the last decades [1] [2] [3] and they are extending even to regions where these epidemiologic parameters used to be low [4] .
The diagnosis and monitoring of IBD are based on clinical features, laboratory parameters, colonoscopy, histopathology, and also on imagistic investigations. Conventional therapeutic strategies are guided by clinical symptoms and biological parameters such as C reactive protein (CRP) and fecal calprotectin. However, symptomatology does not always correlate with the severity of the disease, meaning that it is not a reliable way of monitoring the treatment [5, 6] . One of the reasons why symptoms are not solid predictors of the degree of inflammation is that, in a high proportion of IBD patients, symptoms are attributed to irritable bowel syndrome (IBS) [7] [8] [9] . In these cases the management is more difficult because the differential diagnosis is challenging for the clinician and can lead to diagnostic confusion [10] . At the same time, other patients are asymptomatic despite the severe, relapsed condition. Moreover, the biological parameters lack good predictability for the severity of IBD [11, 12] .
At the moment, the therapeutic purpose goes beyond the improvement of symptoms and laboratory markers and is represented by endoscopic mucosal healing [13] [14] [15] . Even though endoscopy is the gold standard for evaluating IBD evolution, the investigation is invasive and not always well tolerated, so it lacks good repeatability. The majority of these patients are young people and require frequent monitoring, considering the course of these disorders; that is why an additional non-invasive, well tolerated and confident diagnostic tool for the assessment of IBD evolution is required. There is no gold standard imagistic technique for the diagnosis and follow-up of IBD, but computed tomography (CT), magnetic resonance imaging (MRI), and ultrasound (US) provide important information regarding intestinal alteration and extraintestinal manifestations [16] [17] [18] . Abdominal US techniques have the advantage of being radiationsparing, non-invasive, well tolerated, cheap and easily repeated.
The aim of this review is to provide updated information regarding the use of intestinal US in the diagnosis and follow-up of IBD.
Ultrasound
Abdominal US has become more and more useful for the diagnosis and the monitoring of IBD. The US examination of the intestine can be done both with the convex array 3-5 MHz probe and with the linear array 5-10 MHz probe for a better evaluation of the 5 layers of the intestinal wall. It should be performed preprandial, in the morning, or at least 6 hours postprandial, when the peristalsis and the luminal air quantity are minimal [19] . The ileocecal region and the sigmoid colon are always visible; the ascendant and descendant colon can be visualized in the majority of cases, but the flexures (mostly the splenic one) are more difficult to assess because they are fixed to the diaphragm by ligaments. Regarding the transverse colon, a complete evaluation is difficult to obtain due to the variable anatomy. The rectum and the anus cannot be properly assessed due to the pelvic location [20, 21] . While the terminal ileum is almost always visible, the jejunum and proximal ileum cannot be visualized entirely [22, 23] . However, a systemic approach of the small intestine is recommended in 4 regions -superior, inferior, right and left quadrants -aiming to identify thickened wall segments [24] .
There are many US parameters that characterize IBD: bowel wall thickening, loss of the intestinal wall stratification, and increased transmural vascularization [25] [26] [27] . The most important is the thickness of the bowel wall, which is increased as a consequence of inflammation [28] [29] [30] [31] . The intestinal wall is considered to be thick if the diameter is more than 3 mm, with a sensitivity of 88% and a specificity of 93%, but a transmural thickness of more than 4 mm has a sensitivity and a specificity of 75% and 97%, respectively, as an indicator of inflammation [32] . It has been proven that there is a good correlation between transmural diameter, endoscopic findings, and clinical scores such as Crohn Disease Activity Index (CDAI) and Harvey Bradshaw Index (HBI), both for the diagnosis and the monitoring of CD [33] [34] [35] . Even though bowel wall thickness is the most commonly used parameter for intestinal inflammation, at the moment there are no standard measurements, which explains the high interobserver variability. This is not surprising considering that at the moment there is no international consensus regarding the location of the measurements or whether they should be performed transversally or longitudinally [36] .
Another US parameter is the intestinal wall architecture, which is usually normal for UC, the 5 layers of the intestinal wall being visible and well differentiated [37] . On the other hand, in the case of CD, the stratification of the intestinal wall can be disorganized as a sign of active inflammation [38] . The evaluation of the surrounding structures is also very important as the proliferation of mesenteric fat tissue near the inflamed bowel is a sign of active CD [37, 38] . Usually, these findings totally or partially disappear during remission [31, 39, 40] . However, in remission or quiescent CD, mesenteric fat hypertrophy is not a risk factor for relapse [41] . Increased intramural vascularization is another US parameter for IBD, and it can be evaluated by Doppler ultrasound [42] . It is also a marker of active inflammation and is well correlated with endoscopic findings and CDAI [35, 43] . The quantification of the degree of inflammation in this case is difficult, considering that the transmural vascularization is related to many factors, including the ingestion of food. Intraperitoneal fluid can be present as a consequence of transmural inflammation [37, 38] . The finding of enlarged lymph nodes does not correlate with the course of CD, but their presence is strongly associated with the duration of the disease and the existence of internal fistulas [44] .
Crohn's Disease
Diagnosis and complications CD can affect any segment of the gastrointestinal tract, but most frequently it involves the terminal ileum. The small intestine is damaged in 30-40% of patients and the colon in 40-55% of the cases [24] . That is why we need a tool to investigate all these segments and the mesenteric structures.
It is well known that intestinal US has high sensitivity and specificity both for the primary diagnosis of CD [45] [46] [47] [48] , and for detecting complications such as stenosis, fistulas and abscesses [25, 45, 49] . The global sensitivity of intestinal US for the primary diagnosis of CD has been assessed within many meta-analyses, showing a good diagnostic accuracy. In one of these meta-analyses [50] , intestinal US showed sensitivity of 79.7% and specificity of 96.7% in diagnosing patients with suspected CD and detected ileal CD with sensitivity and specificity of 92.7% and 88.2%, respectively, and colonic CD with 81.8% sensitivity and 95.3% specificity. The conclusion is that US has better accuracy for proximal lesions [50] . Another research on patients with suspected CD, which used colonoscopy and MRI as comparative investigations, showed a high diagnostic value of intestinal US, having a sensitivity of 94%, a specificity of 97%, positive predictive value (PPV) 97%, and negative predictive value (NPV) 94% [51] .
These facts show that intestinal US plays an important role in the diagnosis of CD within the primary evaluation of patients with symptoms that are suggestive for this condition. Also, having a high negative predictive value, it can rule out CD in subjects with non-specific gastrointestinal symptoms and normal biomarkers such as CRP and fecal calprotectin [51, 52] . It has been proven that intestinal US combined with colonoscopy has the highest diagnostic accuracy and is the most cost efficient method compared to MRI for the assessment of patients with suspected CD [53] .
The disadvantage of this investigation is the difficult visualization of certain intestinal segments, such as the proximal ileum and the rectum, but this can be improved by using contrast-enhanced ultrasound (CEUS) [54] , with a rate of detection increased from 80% to 100% mostly in the jejunum [55, 56] . CEUS showed good sensitivity and specificity for the evaluation of the extension of CD, with pooled sensitivity of 86%, and pooled specificity of 94% [57] .
Intestinal US can also detect the complications of CD: stenosis, fistulas and abscesses, showing good diagnostic accuracy (sensitivity and specificity of 79-100% and 90-98% for stenosis, and 71-87% and 90-96% for fistulas [49, [57] [58] [59] [60] ). The highest values were registered for the detection of abscesses (sensitivity 90-100%, specificity 92-99%, PPV 90% and NPV 99% [49, 58] . Therefore, US plays a pivotal role in the detection of abscesses, even though it can produce false positive results [57] . An abscess is characterized by a hypoechoic, irregular, nonperistaltic and nonvascular area which can contain air visible as hyperechoic lines [61] .
Stenosis is a common complication of CD and can develop both in the small intestine, and the colon. When performed by experienced clinicians, intestinal US can play a key role in detecting strictures, especially in severe cases that are candidates for surgery. It has been proven that the diagnostic accuracy of strictures increases from 79% in patients with mild strictures that can receive medical therapy to 90% in patients with severe stenosis requiring surgery. In these cases, the sensitivity, specificity and PPV can reach 90%, 100% and 100%, respectively [59] . Colonic stenoses are difficult to be assessed compared with stenoses located in the small intestine [62] .
Fistulas are characterized by hypoechoic tracts between the intestinal loops, or between the intestine and other organs, such as the skin, urinary bladder, or vagina. They can contain air visible as hyperechoic areas [38] . Comparing with double contrast barium enema US showed a higher sensitivity for diagnosis internal fistulae. However, it seems that the combination of barium and US studies can reliably detect most internal fistulae [60] .
Therefore, intestinal US could be considered as the first line imagistic tool for identifying/excluding the complications of CD. CT and MRI should be used only in case of unclear clinical situations.
Monitoring
As mentioned above, neither clinical symptoms assessed by HBI, nor biological markers such as CRP and fecal calprotectin, are good indicators of intestinal inflammation and the complications of CD. Symptoms are variable and sometimes are present due to IBS, so guiding the management of these patients by clinical signs and symptoms can lead to either the undertreatment of the asymptomatic subjects, or the overtreatment of overlapped IBS [7, 8, [63] [64] [65] .
The actual research data suggests that intestinal US has a pivotal role in monitoring CD and response to therapy [31, 39, 40, [66] [67] [68] . There are yet few studies concerning this subject, but the results are promising. Biological treatment with anti TNF-α agents was associated with a significant reduction of the intestinal wall diameter and improvement of the transmural vascularization in 50% of the patients [39, 69, 70] . All US parameters were improved in patients in remission who also had a significant HBI decrease at 3 months after anti TNF-α therapy initiation, showing a good correlation between US markers and clinical signs and symptoms [40] . In addition, the persistence of these parameters was noted in non-responders in one small study on 24 patients [71] . The improvement of US parameters was correlated with the decrease of CRP levels [40, 66] and with endoscopic mucosal healing [31, 39, 40] . Moreover, a recent study performed in pediatric patients with small bowel CD showed a strong correlation between bowel wall Doppler signal and the level of fecal calprotectin [68] .
Lately, it has been highlighted that colonoscopy can be replaced with noninvasive techniques, such as Doppler ultrasound or CEUS, for the diagnosis of relapsed CD, but more studies are required [39, 54, [72] [73] [74] [75] . Doppler examination of the vascularization of thickened bowel wall is useful for the differentiation of relapse from remission and is well correlated with endoscopic findings both in adults, and children [35, 43, 71] . For the evaluation of microvascularization, CEUS accuracy is comparable to MRI accuracy and superior to Doppler ultrasound [76] . CEUS can be a useful tool to monitor the activity of CD, mostly ileal CD, as it is correlated with the severity grade assessed by endoscopy [73, 77] . Also, it is effective in distinguishing inflammatory from fibrostenotic lesions, so it can provide prognostic information and guide further management [78, 79] . However, its importance regarding IBD is still unclear, and more research is needed [80, 81] .
There are studies that have investigated the impact of intestinal US on clinical decision making. The management of the patients included in this research was changed after performing intestinal US in 60% of the cases; 59% of the subjects were asymptomatic, with HBI≤3, even though 52% of them had relapsed disease US visible. The most frequent decision was changing the medication (in 45% of the cases), followed by the request for supplementary investigations in 24% of the cases. In 14% of the subjects, the clinician asked for a surgeon opinion and 4% of patient were admitted [82] .
Abdominal US can play an essential role in monitoring the evolution of postoperative CD recurrence as well [83] [84] [85] . At the moment, endoscopy is the gold standard tool in this situation, but lately, US has provided significant credit, with a sensitivity of 89.7% for the detection of recurrent postoperative disease which can be increased by CEUS to 98% [69] .
In conclusion, there is clear evidence regarding the benefits of US for the evaluation of transmural inflammation, complications and extraintestinal manifestations of CD. Moreover, the severity of US findings, particularly a significant increase in transmural thickness, can be a good predictor for the necessity of a surgical intervention [82, 86] . US can be considered a surrogate investigation of endoscopy for the assessment of mucosal healing after biological therapy initiation [87] . Early detection of inflammatory activity is an important step in guiding the treatment, in preventing complications and hospitalization, and in improving the quality of life; clinicians should, therefore, integrate abdominal US in the routine investigations of these patients.
Ulcerative colitis
In UC, the inflammation is limited to the colon, with a particular, continuous, distal to proximal disposition.
Apart from in the rectal location, generally the lesions cannot be visualized by US due to the pelvic position of the rectum [24] . The role of abdominal US in UC is not as well defined as in CD, mostly because the bowel wall is not always thickened, the inflammation is limited to the mucosa and the bowel wall stratification is preserved in most of the subjects [38, 88] .
However, thickening of the mucosa is a characteristic of edema during active inflammation in UC, even though it is not always evident on US. Unlike CD, thickening of the intestinal wall is not constantly correlated with the clinical activity of the disease in UC [88] . While in cases of mild relapse there is no or inconsistent concordance between the bowel wall thickness and clinical and endoscopic scores, in moderate or severe UC, bowel wall thickness can be used as a surrogate for colonoscopy and CRP for monitoring the course of the disease and the response to therapy [89, 90] .
The role of US for monitoring patients with UC is still not well established, as there is little data regarding the evolution of the intestinal wall thickness following treatment. Nonetheless, the actual evidence suggests that US findings, bowel wall thickness in particular, correlates with clinical and endoscopic scores both before and after therapy; the results of the studies suggested the effectiveness of US in evaluating treatment response as well as in assessing UC extension [91, 92] . It has been pointed out that the US aspect of the intestine after 3 months of therapy can predict the outcome of UC at 15 months, as accurately as endoscopic scores [89, 92] . Also, some studies suggest that Doppler US of the superior and inferior mesenteric arteries can be used for assessing the disease severity and the relapsing risk [93, 94] .
The other US parameters of IBD, such as the intestinal wall vascularization and fibrofatty proliferation, are less visible in UC compared to CD [24, 88] . However, in severe active forms of UC, extramural signs such as fibrofatty proliferation, peritoneal fluid, and even "mesenteric lines" can be visible, even though most of the time, this condition is largely limited to the mucosa [38] .
Elastography
In addition to intestinal US, CT and MRI, there is great interest in elastographic techniques for the assessment of patients with UC. Even though there is little data available, the first results in this direction are promising, suggesting the ability of elastography to differentiate between inflammatory and fibrotic tissue, which is crucial for the management of these patients [95] [96] [97] [98] . Fibrosis develops in time as a consequence of chronic inflammation and has a major influence on IBD morbidity, as it is associated with high rates of hospitalization and surgical interventions [99] . The opportunity to evaluate the proportion of fibrotic and inflammatory tissue is an important step for the non-invasive management of CD, considering that the presence of fibrotic tissue negatively influences the response to biological treatment and results in the need for endoscopic or surgical treatment [99] [100] [101] [102] .
Animal model studies have shown good accuracy of strain elastography (SE) for the measurement of intestinal wall stiffness, confirming that the degree of stiffness correlates with the proportion of fibrotic tissue [103] . Another study showed strong concordance between elastographic values and the direct measurement of the bowel wall stiffness after surgical resection performed on mice with CD strictures [104] . Recent human model research suggests that the affected segments of the intestine have a higher strain than the normal ones both on elastographic, and on direct measurements [98, 101, 105] . Moreover, comparing the SE results with histologic features, the strain values correlate with the histologic characteristics of fibrosis, such as collagen and muscular fibers deposits [101, 102] . The assessment of intestinal fibrosis and the differentiation of inflammation from fibrosis have been studied using a semi quantitative visual color scale and the strain ratio (SR) which is the ratio between the mean strain in the normal intestinal tissue near the lesions and the mean strain of the affected intestinal tissue [106] . SR demonstrated a good ability to diagnose severe intestinal fibrosis, but failed to differentiate the degree of inflammation [102] .
However, SE is not routinely performed in clinical practice as there are few reported studies on this issue. Moreover, it is not useful in differentiating CD from other gastrointestinal disorders [106, 107] .
Even though shear wave elastography (SWE) is considered to be superior to SE because it is simpler and more reproducible, there is not much information regarding its use for IBD. However, animal model studies have shown that SWE values were higher for fibrosis than for acute inflammation, and the AUROC curve of shear wave speed ratio (mean shear wave speed/applied tension) for the differential diagnosis between fibrosis and inflammation was very good (0.971), suggesting that this noninvasive imagistic method can be successfully used in clinical practice [108] . A recent study performed on 17 intestinal specimens surgically resected from patients with known or suspected IBD showed a good capacity of SWE to discriminate between high-grade fibrotic areas and mild fibrosis areas. However, there was no correlation between shear wave velocity and the degree of inflammation. Moreover, this study provided no information regarding the differential diagnosis between fibrosis and inflammation [95] . Some data reported SWE as being able to discriminate between active and chronic intestinal inflammation in case of strictures, thus improving the management of these patients by helping decide between medical therapy and surgery [98, 109] . Therefore, the utility of SWE for the assessment of IBD is not yet known and more data is needed to validate this investigation [98, 99] .
There are some limits regarding the use of elastographic techniques for the intestinal wall: the intestine cannot be visualized entirely and the peristalsis can cause errors (which does not occur in parenchymal organs). However, nowadays, there are many software programs that can help minimalize such errors. On the other hand, elastographic techniques have the advantages of being noninvasive, easily accepted by patients and cost efficient, features which seem to overcome the eventual limits [99] .
Conclusions
At the moment, intestinal US is accepted as a first line imagistic tool for the diagnosis and monitoring of IBD and is included in the ECCO guidelines. Despite scarce data, elastographic techniques have had promising results concerning IBD assessment, primarily as regards estimation of the amount of fibrosis and inflammation in bowel strictures The most recent gastrointestinal ultrasound guideline recommends the use of elastographic techniques to evaluate the stiffness of thickened bowel wall. However, further studies are required for the validation of elastography in the assessment of the intestinal wall.
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